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Topolectrical circuits have recently emerged as a simple yet very useful platform for a tabletop realization
of topological physics. Employing this platform, we capture an intriguing physics of two-photon topological
states in quantum regime going beyond well-celebrated topological states of classical light. Besides their
quantum nature, investigated two-photon states also exhibit an interaction-induced origin, elucidating the
interplay between quantum entanglement and interactions. In our experiments, we extract the frequencies of
bulk and edge two-photon bound states and evaluate the associated topological invariant directly from the
measurements. To further enhance our findings, we perform a reconstruction of the two-photon probability
distribution for the topological state. Our results shed light onto the topological protection in interacting
quantum-optical systems opening further perspectives for applications in quantum communication and
quantum computations.
Recent years have brought a fast-paced development of topo-
logical physics in various systems ranging from traditional elec-
tronic setups [1] or cold atom ensembles [2] to mechanical [3],
acoustic [4] and electromagnetic [5, 6, 7, 8] structures governed
by classical wave equations. A remarkable feature of such sys-
tems is the presence of unidirectional topological states robust
against disorder and exhibiting zero reflection at sharp bends.
In this context, photonic topological states appear to be espe-
cially attractive offering an energy-efficient alternative to their
electronic counterparts, allowing for easier scaling, control and
manipulation and, ultimately, featuring a potential for on-chip
integration.
While topological states of classical light are relatively well-
studied, topological states of quantum light are much less ex-
plored with only few first studies currently available [9, 10,
11, 12, 13]. At the same time, topological states of quantum
light can feature new exciting aspects of topological physics
as, for instance, topological protection of biphoton correla-
tions [12, 13]. Further investigation of quantum-optical topo-
logical states may bring unexpected discoveries paving a way
towards topologically protected quantum logic operations and
quantum computations.
Nevertheless, the impact of interactions on topological states
of quantum light remains almost fully uncharted with only the-
oretical studies available [14, 15]. The major challenge here is
the difficulty in implementation of sizeable nonlinearities man-
ifested already at the two-photon level [16]. To overcome this
difficulty and to bridge the gap between quantum-optical topo-
logical states and physics of interacting systems, we adopt the
concept of topolectrical circuits [17, 18, 19, 20, 21, 22] ap-
plying them to emulate an interacting two-body problem in
one dimension. As detailed below, this approach is based on
mathematically rigorous mapping of quantum two-body prob-
lem onto the classical setup of higher dimensionality, and this
correspondence renders the topolectrical platform a powerful
tool to study topological states of interacting photons.
As a particular example, we consider a one-dimensional ar-
ray of coupled nonlinear cavities described by the extended
Bose-Hubbard model [23]. A key property of this system is the
emergence of bound two-photon topological states along with
the trivial single-photon excitations. This said, the topologi-
cal order in this system is facilitated by the effective photon-
photon interaction which provides the simplest example of
interaction-induced topological states of quantum light.
The proposed model is sketched in Fig. 1a. The correspond-
ing Hamiltonian illustrated schematically in Fig. 1b has the
form
Hˆ = ω0
∑
m
nˆm − J
∑
m
(aˆ†maˆm+1 + aˆ
†
m+1aˆm)
+ U
∑
m
nˆm(nˆm − 1) + P
2
∑
m
(aˆ†2m−1aˆ
†
2m−1aˆ2maˆ2m + H.c.) ,
(1)
where the summation is performed over all resonators in the ar-
ray enumerated with the index m, H.c. denotes the Hermitian
conjugate of the term to the left, aˆ†m and aˆm are the creation
and annihilation operators for the photon at the mth resonator,
and nˆm = aˆ
†
maˆm is the photon number operator. The first term
in the above Hamiltonian defines the energy of non-interacting
photons in the resonator and has a trivial effect on the spec-
trum of photon pairs shifting it by 2ω0. Therefore, for sim-
plicity we use 2ω0 as an energy reference for the two-photon
excitations and omit the corresponding term. The second term
of the Hamiltonian describes single-photon tunneling between
mth and (m + 1)st resonators in the array. Taken together,
these two terms describe the linear array of identical cavities
with the lowest eigenfrequency ω0 and the tunneling coupling
J between the nearest neighbors. The latter two terms of the
Hamiltonian Eq. (1) describe effective photon-photon interac-
tions mediated by the nonlinearity of the medium including an
on-site photon-photon interaction ∝ U and a direct two-photon
hopping ∝ P , respectively.
In this model, local photon-photon interactions ∝ U give rise
to exotic bound states of photon pairs persisting even in the
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Figure 1: Topolectrical circuit model. a, Artistic view of two-photon excitations in the array of microresonators with tunneling
couplings. The depicted state is aˆ†1 aˆ
†
3 |0〉. b, Extended version of Bose-Hubbard model considered in the present article. Single-photon
tunnelings J are shown by blue solid lines, direct two-photon tunnelings P are indicated by purple wavy lines. c, Top view of the equivalent
two-dimensional topolectrical circuit with a voltage at the site (m,n) corresponding to probability amplitude βmn for one photon to be
located at the mth resonator of the array with another one located at the nth resonator [cf. Eq. (2)]. Colored regions show characteristic
voltage patterns for two-photon scattering states (green), doublons (red), and doublon edge state (blue). External voltage source applied
for the system excitation and voltmeter are shown to the right. Side view of the diagonal (lower inset) and off-diagonal (upper inset) sites
of the topolectrical circuit, where grounding elements are shown. d, The photograph of experimental setup having the size of 15 × 15
nodes. Inset shows the enlarged fragment of the circuit which includes two unit cells.
case of repulsive nonlinearity U > 0 [24, 25] on which we focus
from now on. Bulk and edge states of such repulsively bound
photon pairs (doublons) were the subject of a series of recent
theoretical studies [26, 27, 28, 29, 30, 31], while the propagation
of the bound states has been emulated experimentally with
a coupled waveguide array [32]. However, the observation of
topological doublon edge states has remained elusive so far due
to their absence in the standard Bose-Hubbard model with
P = 0 [29]. Very recently, several realizations of doublon edge
states in various modified models have been suggested [30, 14,
15, 33, 34], but their practical implementation still remained
questionable.
Our present proposal relies on the extended version of Bose-
Hubbard Hamiltonian Eq. (1) which, in contrast to the previ-
ous scenarios, supports topological edge states of photon pairs.
Furthermore, in the strong interaction limit U  J doublon
excitations are described by the effective Su-Schrieffer-Heeger
Hamiltonian [35] which is a paradigmatic one-dimensional
topological model (Sup. Mat., Sec. I).
Topolectrical circuit realization and types of two-
photon excitations
Two-photon solutions to the stationary Schro¨dinger equation
Hˆ |ψ〉 = ε |ψ〉 with the Hamiltonian Eq. (1) can be searched
in the form
|ψ〉 = 1√
2
N∑
m,n=1
βmn aˆ
†
maˆ
†
n |0〉 , (2)
where |0〉 is the vacuum state and N is a total number of res-
onators in the array. Superposition coefficients βmn character-
ize the probability amplitude for one photon to be present at
site m with the other one located at site n. Due to bosonic na-
ture of the problem, superposition coefficients are symmetric:
βmn = βnm.
The eigenvalue problem with the wave function Eq. (2) and
the Hamiltonian Eq. (1) yields a linear system of equations
with respect to the unknown coefficients βmn which can be
written as ∑
m′,n′
[Hmn,m′n′ − ε δmn,m′n′ ] βm′n′ = 0 . (3)
Off-diagonal elements of the matrix Hmn,m′n′ describe ei-
ther single-photon or two-photon tunneling coupling between
the sites (m,n) and (m′, n′), whereas the diagonal entries
Hmn,mn−ε include resonator frequency detuning U and energy
variable ε. Leaving further discussion of Eqs. (3) for Methods
section, we note that they can be reinterpreted as a single-
particle tight-binding problem in two dimensions. The latter
tight-binding system can be readily implemented experimen-
tally using arrays of coupled waveguides [36], coupled ring res-
onators [37, 38] or even LC circuits [17].
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Choosing an appropriate platform, we aim not only to ob-
serve the excitation of doublon edge state, but also to recon-
struct the associated probability distributions for the eigen-
modes and to extract the topological invariant for bulk doublon
bands directly from the experiment. Reaching this goal implies
extensive measurements of field amplitudes at all relevant sites
of the system for different excitation scenarios. Based on this,
we choose the most accessible platform of topolectrical circuits,
for which the node potentials ϕmn correspond to the βmn co-
efficients in tight-binding equations.
To design the desired two-dimensional topolectrical circuit,
we combine the first and the second Kirchoff’s rules into the
matrix equation ∑
m′,n′
Ymn,m′n′ ϕm′n′ = 0 . (4)
Here, every composite index mn labels one site of the two-
dimensional lattice having the coordinates (m,n). Off-diagonal
entries of the matrix Ymn,m′n′ are equal to the admittances of
the elements directly connecting the sites (m,n) and (m′, n′)
in the circuit, while the diagonal elements are defined as
Ymn,mn = −Y (g)mn −
∑
(m′,n′)6=(m,n)
Ymn,m′n′ , (5)
where Y
(g)
mn is the admittance of the element connecting site
(m,n) to the ground. Comparing Eqs. (3) and (4), we im-
mediately recover that off-diagonal entries of the admittance
matrix correspond to tunneling couplings J or P in the initial
tight-binding model, while the diagonal elements are associ-
ated with the resonator detuning U . Additionally, to realize
the desired tight-binding model Eq. (3), the lack of neighbors
for the edge or corner sites of a topolectrical circuit evident
from Eq. (5) should be compensated by the proper adjustment
of admittance Y
(g)
mn . Further analysis carried on in Sup. Mat.,
Sec. III provides the following identification of tight-binding
parameters in terms of circuit elements:
J = 1, U =
CP + CU
2CJ
, P = −CP
CJ
, (6)
whereas the “energy” eigenvalue is inversely proportional to
the frequency f
ε =
f20
f2
− 4, f20 = 1
4pi2 LCJ
. (7)
The scheme of the designed circuit is shown in Fig. 1c, while the
photograph of the experimental sample is provided in Fig. 1d.
For the experimental setup, the chosen element values result
in U = 7.09, P = −4.18 which ensure that doublon bands
are well-separated from the continuum of scattering states and
hence can be reliably detected.
Tight-binding calculations suggest that the eigenmodes sup-
ported by the designed structure can be classified into three
types with the spectrum shown in Fig. 2a. The lower series
of bands shown with green is symmetric with respect to zero
energy and corresponds to the continuum of two-photon scat-
tering states. The photons in such state are typically located
at distinct resonators which effectively switches off the effects
of interaction and direct two-photon tunneling. Therefore, the
energy of such state is given by the sum of single-photon ener-
gies.
Two bands present at higher energies correspond to dou-
blons. Probability distributions depicted in Fig.2e,f suggest
that the two photons most likely share the same resonator be-
ing free to move along the entire array. As a consequence, in
the experimental structure, such modes are characterized by
voltage maxima at the diagonal of the circuit.
Finally, the gap between two bulk doublon modes is occu-
pied by the doublon edge state with localization illustrated in
Fig. 2g. In the limit U  J and |P |  J the energy of doublon
edge state scales as 2U , whereas the splitting between the two
bands is approximately 2|P | (see Sup. Mat., Sec. I for details).
Thus, one can broadly tune the system behavior by varying
the parameters U and P defined via the capacitances of circuit
elements, Eq. (6).
In what follows, we focus on doublon states with a special
emphasis on the doublon edge state which we prove to be topo-
logical. At first glance, such zero-dimensional localized state
in a two-dimensional circuit may seem similar to higher-order
topological states which have recently been predicted and ob-
served in various systems [39, 40, 41, 42] ranging from solid
state [43] to photonics [44]. However, despite the seeming sim-
ilarity, our proposal accesses completely different physics asso-
ciated with quantum-optical topological states in interacting
two-particle models emulated with the help of classical system
of higher dimensionality. Quite remarkably, even in such sit-
uation topolectrical circuits provide a possibility to probe fre-
quencies and probability distributions of doublon bulk and edge
states, giving valuable information on the original 1D quantum
problem.
Experimental results
To determine the spectral positions of doublon modes in the
experiment, we apply voltage to one of the diagonal sites of
the circuit, (m,m), keeping the track of potentials ϕmmnn at all
diagonal sites (n, n). Next, following the proposal of Ref. [45],
we construct the quantity
Sm(f) =
∑
n
|ϕmmnn |2, (8)
which is evaluated as a function of driving frequency f . Since
doublon modes are characterized by the voltage maxima at
the diagonal, they can be immediately associated with char-
acteristic peaks in the spectrum of Sm clearly seen in Fig. 2c.
Note also that in contrast to the spectrum of circuit impedance
(Sup. Mat., Sec. VII), the dependence of Sm(f) captures only
the behavior of doublon modes allowing to separate them from
the contributions of two-photon scattering states.
Experimental spectrum of Sm plotted for m = 1, 14 and 15
in Fig. 2c features two characteristic peaks once the voltage
is applied to the sites (1, 1) or (14, 14), whereas feeding of the
site (15, 15) results in a single peak. Based on our analytical
model (see Methods section), we associate the former two peaks
with bulk doublon modes, whereas the latter peak provides
a clear signature of the doublon edge state. The respective
eigenfrequencies are approximately 7.28 kHz and 9.08 kHz for
bulk doublon modes and 8.14 kHz for the doublon edge state. A
significant broadening of the peaks observed in Fig. 2c is caused
by the combination of such factors as Ohmic losses inevitable in
a real system and the dispersion of actual values of the circuit
elements (see Methods for details).
The observed characteristic peaks in Sm(f) provide an indi-
rect evidence of bulk and edge doublon states. More informa-
tion can be retrieved by measuring the voltage distribution at
the nodes of the system at a given frequency. This distribution,
however, depends strongly on the choice of the node (m,m) at
which the voltage is applied. In particular, exciting the system
at (15, 15) node, we recover the voltage pattern with a maxi-
mum at the point of excitation which can be explained either
as doublon edge state or just as a trivial defect at the corner
of the system.
To provide a clear evidence of doublon states independent
of the choice of the feeding point, we have performed the re-
construction of voltage distribution for the doublon edge state
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Figure 2: Theoretical studies and experimental emulation of two-photon excitations. a, Dispersion of two-photon eigenmodes
calculated from the tight-binding model. Two solid red curves correspond to doublons, horizontal dashed line between them indicates
the energy of the doublon edge state, and the shaded area at the bottom shows the continuum of two-photon scattering states. b,
Number of states in the tight-binding system of size 15× 15 sites. c, Doublon spectroscopy with quantity Sm(f) [cf. Eq. (8)] determined
from experimental data and plotted as a function of driving frequency. The feeding points (1, 1), (14, 14) and (15, 15) are labelled with
corresponding values of m = 1, 14, 15 and are shown by orange, red and blue solid lines, respectively. Characteristic peaks in the spectrum
correspond to doublon modes. d-g, Two-photon probability distributions |βmn|2 for eigenmodes of the 15 × 15 lattice described by the
Hamiltonian Eq. (1) in the absence of disorder. h, Eigenmode tomography for a circuit of 15× 15 nodes simulated taking into account a
disorder in the element values as well as Ohmic losses (see Methods section for details). i, Experimental implementation of the eigenmode
reconstruction for the doublon edge state.
eigenmode at the characteristic frequency of the correspond-
ing peak. Such eigenmode tomography described in detail in
Sup. Mat., Sec. II employs the following steps. Throughout
the whole procedure the frequency of excitation, f , and the ex-
ternal voltage are fixed. For some symmetric choice of feeding
points, e.g. (m,n) and (n,m), we measure full voltage distribu-
tion ϕmnm′n′ at all nodes (m
′, n′) of the circuit and then evaluate
the quantity
I(m,n) =
∑
m′,n′
|ϕmnm′n′ |2 . (9)
Performing this step for various symmetric choices of the feed-
ing points, we get an entire array of values for I which is now
considered as a discrete function of m and n coordinates. Fi-
nally, we depict this function on a colorplot Fig. 2i and observe
a good agreement with the eigenmode distribution evaluated
from the tight-binding model, Fig. 2g as well as with the nu-
merical solution of Kirchhoff’s equations, Fig. 2h.
As shown in Sup. Mat., Sec. II, the procedure outlined above
reproduces the quantity
I(m,n) ∝
∑
k
|ϕ(k)mn|2
(f − fk)2 + γ2 , (10)
where ϕ
(k)
mn is the potential at site (m,n) for the eigenmode
with frequency fk, and γ is the effective dissipation rate related
to Ohmic resistance of the circuit elements (see Sup. Mat.
Sec. IV for details). This said, I(m,n) performs a sum over all
eigenmodes with a Lorentzian-type weighting factor having a
sharp maximum for the eigenmode with frequency fk matching
the excitation frequency f .
Furthermore, Eq. (10) reveals that eigenmode tomography
works exceptionally well when the spectral separation of the
eigenmode (or a band of eigenmodes with a similar intensity
pattern) from the rest of the modes exceeds the effective dis-
sipation rate which is true for the doublon edge state, Fig. 2i.
As a consequence, all key features of the corresponding state
are well-reproduced with only slight distortions present. On
the other hand, all modes of the scattering continuum feature
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Figure 3: Topological characterization of doublon modes.
a-b, Two possible choices of the unit cell. c-d, Sublattice volt-
age ratio, ξ(k) = UA(k)/UB(k) plotted on a complex plane for the
wave number k varied over the entire Brillouin zone. Blue and red
lines correspond to numerical simulation and experiment, respec-
tively. The winding numbers W = 0 (panel c) and W = 1 (panel d)
correspond to the unit cell choiches shown in panels a and b. The
voltage distribution is measured for the system excited at the node
(7, 7).
much worse results of eigenmode tomography due to relatively
large density of two-photon scattering states [Fig. 2b] and quite
different field distributions for the different modes. At any case,
such scattering states are not especially interesting since they
feature neither topological protection, nor pronounced effects
of interaction.
Experimental results of eigenmode tomography presented in
Fig. 2i demonstrate good agreement with our theoretical ex-
pectations. Note also that while doublon edge state exhibits
some hybridization with bulk doublons [Fig. 2e,f], it does not
mix with the scattering states, which is a consequence of non-
overlapping spatial distributions of these modes and consider-
able spectral separation between them.
Having reconstructed the profile of the doublon edge eigen-
mode directly from the experimental data [Fig. 2i], we now turn
to the discussion of its topological origin. Since doublons are
mostly localized at the diagonal of the 2D structure, they are
effectively one-dimensional and hence the standard technique
based on winding number calculation [46] can be applied.
Winding number in Su-Schrieffer-Heeger-type models is de-
termined by plotting the ratio of voltages at the two sublattices
for a particular Bloch eigenmode on the complex plane, the
topological scenario being characterized by the curve enclosing
the coordinate origin. Note also that the magnitude of winding
number depends on the unit cell choice and therefore to reveal
the topological edge state, the choice of the unit cell should be
consistent with the array termination.
In the experiment, we set the excitation frequency to that
of the upper bulk doublon band, f = 9550 Hz, and measure
the distribution of voltages at the diagonal keeping the track of
their phase. Recovering Bloch eigenmodes via Fourier trans-
form and extracting sublattice voltages as outlined in Meth-
ods, we finally get winding number graphs depicted in Fig. 3.
Again, in a close agreement with our theoretical predictions,
we recover that the unit cell choice without P link inside gives
rise to the nontrivial winding thus proving the topological ori-
gin of the observed doublon edge state. Note also that another
choice of the unit cell with P link inside yields zero winding
number proving the absence of topological doublon edge state
at the opposite (1, 1) corner of the array.
Discussion
To summarize, we have implemented a two-dimensional
topolectrical circuit serving as an analogue simulator for quan-
tum one-dimensional two-particle problem. Using the exact
mapping of the initial quantum-optical system of two entan-
gled interacting photons onto the classical setup, we were able
to provide a demonstration of bulk and edge states of repul-
sively bound photon pairs. Examining various excitation sce-
narios of the designed 2D circuit, we reconstructed the edge
doublon eigenmode directly from experimental data providing
a rigorous proof for doublon edge state existence. Note that
the possibility to conduct such extensive measurements is a
distinctive feature of topolectrical platform, whereas the im-
plementation of the same protocols for optical systems remains
highly challenging. We were also able to prove the topologi-
cal origin of the observed doublon edge state, extracting the
winding number from our measurements.
Our observation of two-photon topological states induced
by interactions uncovers new intriguing aspects of topological
physics in interacting systems and, as we believe, provides in-
sights into topological protection of quantum light.
Methods
Tight binding equations
The eigenmodes of quantum-optical problem under study correspond
to the eigenvectors of the Hamiltonian Eq. (1). Since the Hamiltonian
commutes with the operator
∑
m nˆm, the total number of photons is
conserved. Hence, the wave function of arbitrary two-photon excitation
can be represented in the form Eq. (2). Combining Eqs. (1) and (2) into
an eigenvalue equation, we obtain the linear system of equations with
respect to the unknown coefficients βmn which provide a probability
amplitude for two photons to be present in mth and nth cavities:
(ε− 2U)β2m,2m = −2J [β2m+1,2m + β2m,2m−1] + Pβ2m−1,2m−1 ,
(ε− 2U)β2m−1,2m−1 = −2J [β2m,2m−1 + β2m−1,2m−2] + Pβ2m,2m ,
εβm,n = −J [βm+1,n + βm−1,n + βm,n+1 + βm,n−1] , (m 6= n) (11)
where ε is the eigenmode energy, and βmn = βnm due to the bosonic
nature of the problem. The dispersion of two-photon modes and associ-
ated probability distributions plotted in the main text are calculated by
solving the eigenvalue problem Eqs. (11).
Excitation of the modes in the topolectrical circuit
The eigenmodes of the circuit are found as the solutions to the eigen-
value problem Eq. (4). As further discussed in Sup. Mat., Sec. III,
this eigenvalue problem has a one-to-one correspondence with the initial
tight-binding system.
To describe the response of the circuit to the external excitation, we
combine the first and the second Kirchhoff’s rules to derive the equation
with respect to the unknown potentials at the sites of the system. Exci-
tation of the system is described as an external current injected into the
nodes of the circuit:∑
m′,n′
Ymn,m′n′ ϕ
pq
m′n′ =
I0
2
[δmpδnq + δmqδnp] . (12)
Inverting the matrix of admittances which enters Eq. (12), we immedi-
ately obtain the distribution of voltages at the nodes. To ensure reason-
able results at resonances of the circuit, Ohmic losses should be prop-
erly taken into account. As further discussed in Sup. Mat. Sec. IV, a
topolectrical circuit with weak losses can be mapped onto the general
driven-dissipative model studied in Ref. [45].
Other important features of our topolectrical implementation include
the negative sign of P as guaranteed by Eq. (6). The designed system
is mounted on RF51 substrate and includes the following elements il-
lustrated in Fig. 1c,d: L = 22.77µH, CJ = 1µF, CU = 10µF and
CP = 4.2µF. Ohmic losses are introduced as a resistance attached
in series to the inductance or capacitance. At frequencies of inter-
est (6.0 < f < 13.0 kHz) such parasitic resistances are estimated as
RL = 0.026 Ohm, RCJ = 0.2 Ohm, R
C
U = 0.1 Ohm and R
C
P = 0.4 Ohm
based on specifications of the elements. Additionally, we also incorporate
the effects of disorder by reconstructing the entire map of the elements
placed onto the fabricated circuit (Supp. Mat. Sec. V). The associated
value distributions feature a broadening of up to 2%. Quite importantly,
at frequencies of interest the parasitic resistance RL plays the major
role. For that reason, designing our sample, we have chosen high-quality
inductance coils with a sufficiently low dispersion in the values of in-
ductance. There are other sources of disorder in the fabricated system
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as well, including non-ideal contacts between soldered elements, para-
sitic inductances of tracks and capacitances created by the circuit board
itself, contacts between the board and the external measurement devices.
Winding number
To prove the topological nature of the doublon edge state, we apply
the standard technique based on winding number evaluation [46]. To
calculate the winding number for a chiral-symmetric system, one has to
convert the Bloch Hamiltonian to the off-diagonal form
Hˆ(k) =
(
0 Qˆ(k)
Qˆ†(k) 0
)
(13)
and then plot the curve for det Qˆ(k) on the complex plane with Bloch
wave number k spanning the entire Brillouin zone. The winding num-
ber is determined as a number of revolutions of the curve around the
coordinate origin.
In the case of Su-Schrieffer-Heeger model, Bloch Hamiltonian has the
dimensions 2×2 taking the form Eq. (13) in the basis of Wannier states.
Therefore, the scalar function Q(k) is proportional to the ratio of volt-
ages at the two sublattices (even sites and odd sites) which provides a
relatively simple way to extract the winding number from experiment,
as has been done e.g. in Ref. [47].
In our case, chiral symmetry of doublon bands is only an approxima-
tion which holds in the limit U  J only (see Sup. Mat., Sec. I for
details). In such a situation, one can neglect by the mixing between
the scattering continuum and doublon bands using an effective 2 × 2
doublon Bloch Hamiltonian. Furthermore, in such a case doublons are
mostly localized at the diagonal, and therefore only the diagonal nodes
of the circuit have to be examined.
Accordingly, we set the frequency of excitation to that of higher-
frequency bulk doublon band, f = 9550 Hz, and measure voltage dis-
tribution at all diagonal nodes with an oscilloscope with a driving volt-
age applied to (7, 7) node of the circuit. In the corresponding numerical
simulation we set excitation frequency to f = 8730 Hz to match the
frequency of doublon peak as it appears in simulations. The relative
phase of voltages at the nodes is determined by measuring their time de-
pendence and fitting the dependence by the sinusoidal function with the
unknown phase. To get the results for a single Bloch mode, we perform
a Fourier transform of the obtained voltages as follows:
UA(k) =
∑
n
UA(n) e
−ikn
, UB(k) =
∑
n
UB(n) e
−ik(n−1)
, (14)
where the indices A and B refer to the two different sublattices (even
and odd sites). Next, we plot the ratio ξ(k) = UA(k)/UB(k) on the com-
plex plane for different choices of the unit cell with Bloch wave number
spanning the range [−pi, pi].
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2
I Analysis of the strong interaction limit U  J: Su-Schrieffer-Heeger model for doublons
To provide a simple proof of the topological origin of our model, we analyze strong interaction
limit, when U  J . In such a situation, doublon bands are well-separated from the continuum of
two-photon scattering states so that the mixing between doublons and scattering states is negligible.
As such, we introduce an effective doublon Hamiltonian which captures the dynamics of doublons
excluding other redundant degrees of freedom.
To derive the effective doublon Hamiltonian, we start from the eigenvalue equations provided
in the article main text (Methods section):
(ε− 2U)β2m,2m = −2J [β2m+1,2m + β2m,2m−1] + Pβ2m−1,2m−1 , (S1)
(ε− 2U)β2m+1,2m+1 = −2J [β2m+2,2m+1 + β2m+1,2m] + Pβ2m+2,2m+2 , (S2)
εβm,n = −J [βm+1,n + βm−1,n + βm,n+1 + βm,n−1] , (m 6= n) (S3)
In the limiting case U  J , βmm are the dominant coefficients of the doublon wave function
with the rest of coefficients βm,m+s decaying with the index s. Therefore, we neglect all terms
proportional to βm,m+2, βm,m+3, etc. in Eqs. (S1)-(S3), treating terms proportional to βm,m+1 as a
perturbation.
Using the approximate expression βm,m+1 ≈ − (βmm + βm+1,m+1) /(2U), we derive the
following approximate eigenvalue equation for doublon bands:
(ε− 2U − 2j)β2m,2m = (j + P )β2m−1,2m−1 + j β2m+1,2m+1 , (S4)
(ε− 2U − 2j)β2m+1,2m+1 = j β2m,2m + (j + P ) β2m+2,2m+2 . (S5)
The equations for β11 and βNN corresponding to the physical edges of the array are modified if
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compared to the bulk sites:
(ε− 2U − j)β11 = (j + P ) β22 , (S6)
(ε− 2U − j)βNN = j βN−1,N−1 , (S7)
where j = J2/U is the effective doublon hopping rate associated with two consecutive single-
particle tunnelings to the neighboring cavity, and the array length N is assumed to be odd.
The set of equations (S4)-(S5) corresponds to the Su-Schrieffer-Heeger (SSH) model 1 with
two alternating tunneling amplitudes j and j+P , which is known to be the simplest one-dimensional
topological model. The only difference from the canonical SSH model is the interaction-induced
detuning of the edge sites by j [Eqs. (S6), (S7)].
Solving the system Eqs. (S4)-(S5) together with boundary conditions Eqs. (S6)-(S7), we find
two states with the localization ratio z = βmm/βm−2,m−2 given by
z1,2 =
j + P
2 j3
[
2j P + P 2 ±
√
(2jP + P 2)2 + 4 j4
]
. (S8)
Edge-localized states correspond to |z| < 1. The energies of these states read:
ε1,2 = 2U + j − 1
2j
[
2jP + P 2 ±
√
(2jP + P 2)2 + 4j4
]
. (S9)
Equation (S8) shows that the higher-energy edge state ε2 is localized for any P 6= 0, while the
lower-energy state ε1 disappears when
P > 0 or P < −2J2/U . (S10)
In our case with U/J = 7.09 and P/J = −4.18 the latter condition is fulfilled, which means that
only the higher-energy state ε2 persists. Note also that the condition Eq. (S10) is equivalent to
|j + P | > j which ensures that the site (N,N) is the weak link edge and the respective edge state
can be interpreted as the topological state inherent to SSH model.
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II Eigenmode tomography
In an experimental situation, we can examine excitation of the system applying voltage to various
sites. However, we have no direct access to the system eigenmodes and associated probability dis-
tributions, which eventually limits our possibilities to observe topological physics in the designed
setup.
To overcome this limitation, we elaborate the procedure of eigenmode reconstruction (to-
mography) following the proposals of our recent work 2. The key idea of this method is to collect
the information on system excitation when the voltage is applied to various pairs of sites (m,n) in
a symmetric way with respect to the diagonal. The eigenmode profile is then recovered as a sum
of squares of voltages in all nodes of the circuit plotted as a function of the feeding point (m,n).
In this section, we provide a summary of the proposed technique highlighting further applications
of the developed method and its applicability to a wide class of systems described by tight-binding
equations.
We consider a two-dimensional system depicted in Fig. 1. We describe the behavior of the
system under external coherent driving with the following semi-empirical coupled mode equations:
ω cmn =
∑
m′,n′
Hmn,m′n′ cm′n′ − iγ cmn − iκEmn . (S11)
Here Hmn,m′n′ is the Hamiltonian of a closed system which is assumed Hermitian, γ quantifies the
dissipation rate, and Emn stands for the applied electromotive force (or injected current, depending
on interpretation of cmn coefficients) at frequency ω. In an actual experimental situation we can
apply different drivings Emn at different frequencies and measure the resultant intensity distribu-
tion |cmn|2. Our goal is to elaborate a protocol to reconstruct the profile of the system eigenmode
5
β
(k)
mn corresponding to the eigenfrequency ωk which is the solution of the eigenvalue problem
ωk β
(k)
mn =
∑
m′,n′
Hmn,m′n′ β
(k)
m′n′ . (S12)
2U
J
J
P
n
m
(m,n)
Figure 1 Illustration of a two-dimensional setup used for the procedure of eigenmode
tomography. For this technique, specific type of tight-binding model is not essential.
Since the Hamiltonian of the closed system is Hermitian, the eigenfrequencies ωk are purely
real and the eigenmodes β(k)mn are mutually orthogonal, i.e.
∑
m,n
β(k)mn
[
β(k
′)
mn
]∗
= δkk′ . (S13)
Furthermore, the modes β(k)mn form a complete basis and the coefficients cmn can be expanded as
cmn =
∑
k
αk β
(k)
mn . (S14)
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Putting the expansion Eq. (S14) into Eq. (S11), we obtain:
ω
∑
k
αk β
(k)
mn =
∑
m′,n′,k
Hmn,m′n′ αk β
(k)
m′n′ − iγ
∑
k
αk β
(k)
mn − iκEmn = (S15)
(S12)
=
∑
k
αk (ωk − iγ) β(k)mn − iκEmn . (S16)
Using the orthogonality property Eq. (S13), we recover that
(ω − ωk + i γ) αk = −iκ
∑
m,n
Emn
[
β(k)mn
]∗
. (S17)
Physically, Eq. (S17) expresses an intuitive fact that the larger the overlap of the driving profile
with the eigenmode, the larger is the contribution of the eigenmode into the driven-dissipative
system stationary state. On the other hand, the closer is the driving frequency to the resonance,
the larger is the contribution of a given eigenmode to the driven-dissipative system stationary state.
The coefficients cmn are expressed as follows:
cmn
(S14)
=
∑
k
αk β
(k)
mn = −iκ
∑
m′,n′,k
Em′n′
[
β
(k)
m′n′
]∗
β
(k)
mn
ω − ωk + iγ . (S18)
At this point we assume that the driving profile (a) includes only one or two points; (b) is symmetric
with respect to the diagonal m = n. In the other words,
Emn =
E0
2
[δmp δnq + δmq δnp] , (S19)
where p and q provide the coordinates of the excitation point(s). This assumption immediately
simplifies the sum. Since the system is symmetric with respect to the diagonal, all non-degenerate
eigenmodes are either even or odd; degenerate modes can also be enforced to satisfy this condition
by choosing suitable linear combinations. Next, all odd modes have zero overlap with symmetric
pumping profile and they drop out of the sum. The remaining even modes have β(k)pq = β
(k)
qp . Hence,
cmn = −iκE0
∑
k
β
(k)
mn
[
β
(k)
pq
]∗
ω − ωk + iγ . (S20)
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Next, we construct the following quantity:
I(p, q) =
∑
m,n
|cmn|2 = κ2 |E0|2
∑
m,n,k,k′
β
(k)
mn
[
β
(k′)
mn
]∗ [
β
(k)
pq
]∗
β
(k′)
pq
(ω − ωk + iγ) (ω − ωk′ − iγ)
(S13)
= κ2 |E0|2
∑
k,k′
δkk′
[
β
(k)
pq
]∗
β
(k′)
pq
(ω − ωk + iγ) (ω − ω′k − iγ)
= κ2 |E0|2
∑
k
|β(k)pq |2
(ω − ωk)2 + γ2 . (S21)
Thus, for symmetric pumping into (p, q) and (q, p) with the same amplitudes E0/2 and E0/2 and
equal phases the sum of squares of field amplitudes in all sites of the system reads:
I(p, q) ≡
∑
m,n
|cmn|2 = κ2 |E0|2
∑
k
|β(k)pq |2
(ω − ωk)2 + γ2 , (S22)
where the sum extends only over the symmetric eigenmodes. If the driving frequency is close
enough to the eigenfrequency ωk, the obtained distribution I(p, q) will closely resemble the distri-
bution |β(k)pq |2, which is actually the eigenmode intensity (or two-photon probability distribution in
the original 1D two-particle problem).
The outlined eigenmode reconstruction protocol works especially well once the spectral dis-
tance from the given mode to the rest of the modes exceeds the dissipation rate γ. In such case,
reconstruction of the eigenmode will be very precise as can be seen from the comparison made
in the main text. This technique is also useful for the group of modes, e.g. doublon band, well-
separated from the rest of the modes.
Note also that the developed eigenmode reconstruction technique is very general and appli-
cable to a wide range of physical systems. In this work, we apply this protocol to LC circuits.
Further identification of driven-dissipative model Eq. (S11) with Kirchhoff’s equations for electric
circuit is provided in Secs. III -IV .
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III Mapping of tight-binding model onto the topolectrical circuit: ideal lossless case
As indicated in the article main text, the two-particle one-dimensional quantum problem with ex-
tended Bose-Hubbard Hamiltonian is described by the following system of tight-binding equations:
(ε− 2U) β2m+1,2m+1 = −2J β2m,2m+1 − 2J β2m+1,2m+2 + P β2m+2,2m+2 , (S23)
(ε− 2U) β2m,2m = −2J β2m−1,2m − 2J β2m,2m+1 + P β2m−1,2m−1 , (S24)
ε βmn = −J βm−1,n − J βm+1,n − J βm,n−1 − J βm,n+1 (m 6= n) . (S25)
with βmn = βnm and open boundary conditions at the edges and corners:
(ε− 2U) β11 = −2J β12 + P β22 , (S26)
ε β1m = −J [β1,m−1 + β1,m+1 + β2,m] , (S27)
(ε− 2U) βNN = −2J βN,N−1 , (S28)
N being the size of the system.
In this Section, we analyze the 2D system in Fig. 2a with Kirchhoff’s circuit laws and express
the parameters of the Hamiltonian U and P in terms of the circuit parameters. In our analysis we
assume that the voltages in the circuit nodes Umn ∝ e−iωt, and hence U¨mn = −ω2 Umn. We also
assume J = 1 and denote
ω20 =
1
LCj
, ε =
ω20
ω2
− 4 , (S29)
U =
CP + CU
2Cj
, P = −CP
Cj
. (S30)
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CPCJ
L
LCU
(n,n)
(m,n)
ba
n
m
c
Figure 2 a, Implementation of a 2D system emulating extended Bose-Hubbard model, top view.
b, Side view of a diagonal node in the 2D system. c, Side view of an off-diagonal node in the 2D
system.
To establish one-to-one correspondence of the initial tight-binding problem with LC circuit,
we analyze several representative situations.
1. Site (m,n) with m 6= n, not at the edge of the system. From the first Kirchhoff’s law we
get
Umn
L
− ω2Cj [(Umn − Um,n+1) + (Umn − Um,n−1) + (Umn − Um+1,n) + (Umn − Um−1,n)] = 0
(S31)
or with designations Eqs. (S29)-(S30)
εUmn = −Um,n+1 − Um,n−1 − Um+1,n − Um−1,n , (S32)
which is consistent with Eq. (S25).
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2. Site (1, n) with n 6= 1, at the edge of the system.
U1n
L
− ω2Cj [(U1n − U1,n−1) + (U1n − U1,n+1) + (U1n − U2n) + U1n] = 0 , (S33)
where the last term in the square bracket is associated with extra capacitance Cj connected to the
ground. Equation (S33) can be rearranged to yield
εU1n = −U1,n−1 − U1,n+1 − U2,n , (S34)
which reproduces open boundary condition for the tight-binding model Eq. (S27). The equations
for the sites (m, 1), (m,N) and (N, n) (not at the corner) whereN is the system size are completely
analogous.
3. Site (2m+ 1, 2m+ 1) at the diagonal of the system, not the corner one.
U2m+1,2m+1
L
− ω2Cj [(U2m+1,2m+1 − U2m,2m+1) + (U2m+1,2m+1 − U2m+2,2m+1)
+ (U2m+1,2m+1 − U2m+1,2m) + (U2m+1,2m+1 − U2m+1,2m+2)]−
− ω2Cp (U2m+1,2m+1 − U2m+2,2m+2)− ω2CU U2m+1,2m+1 = 0 ,
(S35)
which can be rewritten as
(ε− 2U) U2m+1,2m+1 = −U2m,2m+1 − U2m+2,2m+1 − U2m+1,2m − U2m+1,2m+2 + PU2m+2,2m+2
(S36)
and coincides with Eq. (S23) provided the pattern of voltages is symmetric, i.e. U2m,2m+1 =
U2m+1,2m and U2m+2,2m+1 = U2m+1,2m+2.
4. Site (2m, 2m) at the diagonal of the system
U2m,2m
L
− ω2Cj [(U2m,2m − U2m,2m+1) + (U2m,2m − U2m,2m−1) +
+ (U2m,2m − U2m+1,2m) + (U2m,2m − U2m−1,2m)]−
− ω2Cp (U2m,2m − U2m−1,2m−1)− ω2CU U2m,2m = 0 ,
(S37)
11
which can be recast in the form
(ε− 2U) U2m,2m = −U2m,2m+1 − U2m,2m−1 − U2m+1,2m − U2m−1,2m + P U2m−1,2m−1 (S38)
in agreement with Eq. (S24).
5. Site (1, 1) at the corner of the system. For this corner site, we include two capacitances
Cj to the ground to compensate the absence of the two neighbors.
U11
L
−ω2Cj [(U11 − U12) + (U11 − U21) + 2U11]−ω2Cp (U11 − U22)−ω2CU U11 = 0 , (S39)
which is equivalent to
(ε− 2U)U11 = −U12 − U21 + P U22 (S40)
exactly reproducing an open boundary condition Eq. (S26) for the corner of the system.
6. Site (N,N) at the corner of the system (N is assumed to be odd). In contrast with (1, 1)
site, besides two capacitances Cj connected to the ground, we also include an extra capacitance
CP also connected to the ground:
UNN
L
− ω2Cj [(UNN − UN−1,N) + (UNN − UN,N−1) + 2UNN ]−
− ω2Cp UNN − ω2CU UNN = 0 ,
(S41)
which can be rearranged to yield
(ε− 2U)UNN = −UN−1,N − UN,N−1 (S42)
in agreement with open boundary condition for the corner of the system, Eq. (S28).
Hence, the proposed experimental setup allows us to emulate two-body physics in Bose-
Hubbard model, but with several constraints on parameters that enter the Bose-Hubbard Hamilto-
nian: (i) P is always negative, cf. Eq. (S30); (ii) U > |P |/2, i.e. we cannot realize the regime
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of too weak on-site interactions; (iii) to emulate boson states, the pattern of voltages in a circuit
should be symmetric with reasonable accuracy.
IV Analysis of topolectrical circuit with realistic losses
As we have demonstrated, lossless 2D topolectrical circuit corresponds precisely to Bose-Hubbard
model. However, realistic circuits necessarily have losses, and in this section we examine excita-
tion of the system taking the effect of loss into account. We assume that the system is excited with
a current source and current is pumped into one or several lattice sites. We aim to compare the
governing equations with simple driven-dissipative model outlined in Sec. II , which is described
by the equation
ω cmn =
∑
m′,n′
Hmn,m′n′ cm′n′ − i γ cmn − iκEmn , (S43)
where ω is a driving frequency, cmn describe the stationary state of the system, γ is the dissipation
rate and κ is the coupling coefficient.
In circuit analysis, we assume e−iωt time dependence of voltages, which yields the following
impedances:
ZL = −iωL+RL , ZC = 1−iω Cj +RC , (S44)
ZP =
1
−iω CP +RP , ZU =
1
−iω CU +RU . (S45)
For sufficiently small losses, the ratios of impedances read
ZC
ZL
= −ω
2
0
ω2
+ i
(
RL ω
2
0
Lω3
+
RC
Lω
)
, (S46)
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ZC
ZP
=
CP
Cj
+ i ω
CP
C
(RP CP −RC Cj) , (S47)
ZC
ZU
=
CU
Cj
+ i ω
CU
Cj
(RU CU −RC Cj) . (S48)
Similarly to Sec. III , we analyze several characteristic situations:
1. Site (m,n) withm 6= n, not at the edge of the system. First Kirchhoff’s law now yields:
Umn
ZL
+
1
ZC
(4Umn − Um,n−1 − Um,n+1 − Um−1,n − Um+1,n) = Imn (S49)
which can be rearranged as
εUmn = −Um,n−1 − Um,n+1 − Um−1,n − Um+1,n + i γ Umn − ZC Imn , (S50)
where γ is a frequency-dependent damping
γ =
RL ω
2
0
Lω3
+
RC
Lω
. (S51)
Note also the sign in front of γ in Eq. (S51): it is different from the sign in Eq. (S43). This happens
due to the definition of “energy” variable Eq. (S29) which ensures that imaginary parts of ω and ε
have opposite signs:
ω′′ = −ω0
2
ε′′
(ε′ + 4)3/2
. (S52)
Since in the dissipative case eigenmode frequency has negative imaginary part, “energy variable“
ε should have positive imaginary part.
2. Site (1, n) with n 6= 1, at the edge of the system. In a similar way we derive an equation
U1n
ZL
+
U1n
ZC
+
1
ZC
(3U1n − U1,n−1 − U1,n+1 − U2n) = I1n , (S53)
which yields
εU1n = −U1,n−1 − U1,n+1 − U2n + i γ U1n − ZC I1n . (S54)
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3. Site (2m+ 1, 2m+ 1) at the diagonal of the system, not the corner one.
U2m+1,2m+1
ZL
+
U2m+1,2m+1
ZU
+
U2m+1,2m+1 − U2m+2,2m+2
ZP
+
+
1
ZC
(4U2m+1,2m+1 − U2m,2m+1 − U2m+2,2m+1 − U2m+1,2m − U2m+1,2m+2) = I2m+1,2m+1
(S55)
This yields an equation
(ε− 2U)U2m+1,2m+1 = −U2m,2m+1 − U2m+2,2m+1 − U2m+1,2m − U2m+1,2m+2+
+ iγ′ U2m+1,2m+1 + P ′ U2m+2,2m+2 − ZC I2m+1,2m+1 ,
(S56)
where for the diagonal sites
γ′ = γ + ω
CP
Cj
(RP CP −RC Cj) + ω CU
Cj
(RU CU −RC Cj) , (S57)
P ′ = P − iω CP
Cj
(RP CP −RC Cj) . (S58)
Thus, the diagonal elements have extra loss in tunneling P ′ and on-site losses γ′ stemming from
the insertion of additional elements. This problem, however, can be circumvented by requiring that
RC Cj = RP CP = RU CU (S59)
in which case all elements (in the bulk and at the diagonal) are characterized by the same magnitude
of loss, though depending on frequency. However, even if Eq. (S59) is not fulfilled, doublon bands
will remain almost unaffected, since the maximal voltages are expected at the diagonal sites only.
4. Site (2m, 2m) at the diagonal of the system.
U2m,2m
ZL
+
U2m,2m
ZU
+
U2m,2m − U2m−1,2m−1
ZP
+
+
1
ZC
(4U2m,2m − U2m−1,2m − U2m+1,2m − U2m,2m−1 − U2m,2m+1) = I2m,2m
(S60)
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which yields
(ε− 2U)U2m,2m = −U2m−1,2m − U2m+1,2m − U2m,2m−1 − U2m,2m+1+
+ iγ′ U2m,2m + P ′ U2m−1,2m−1 − ZC I2m,2m .
(S61)
5. Site (1, 1) at the corner of the system.
(
Z−1L + Z
−1
U + 2Z
−1
C
)
U11 +
1
ZC
(2U11 − U12 − U21) + 1
ZP
(U11 − U22) = I11 , (S62)
which yields
(ε− 2U)U11 = iγ′ U11 − U12 − U21 + P ′ U22 − ZC I11 . (S63)
6. Site (N,N) at the corner of the system [N is assumed to be odd].
(
Z−1L + Z
−1
U + Z
−1
P + 2Z
−1
C
)
UNN +
1
ZC
(2UNN − UN−1,N − UN,N−1) = INN (S64)
which can be transformed as
(ε− 2U)UNN = i γ′ UNN − UN−1,N − UN,N−1 − ZC INN . (S65)
To summarize, the designed LC circuit is described by the same driven-dissipative equa-
tions (S43) apart from the following differences:
• dissipation coefficient γ depends on the frequency of driving ω;
• the magnitude of dissipation for diagonal and off-diagonal sites is different unless an addi-
tional constraint Eq. (S59) is fulfilled;
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• instead of frequency in Eq. (S43), we deal with the auxiliary “energy variable” ε which is in-
versely proportional to frequency and therefore has positive imaginary part in the dissipative
case.
• instead of external field Emn we have a combination ZCImn which is frequency-dependent.
In all other aspects, the standard driven-dissipative model captures all essential features of the
proposed topolectrical circuit and hence the tomography technique developed in Sec. II can be
applied to the designed LC circuit.
V Distribution of elements in the experimental setup
In contrast to the idealized model of electric circuit discussed above, the actual values of induc-
tances and capacitances of setup elements slightly fluctuate from one element to another. Hence,
the experimental circuit possesses an inherent disorder in the tunneling constants J and P (ascribed
to capacitors CJ and CP ) as well as in the interaction strength U and on-site resonant frequencies
ω0, depending on capacitors CU and inductors L, respectively. The elements used in our exper-
imental sample are Murata GRM32RR71H105KA01 for CJ , Murata GRM31CR61A476ME15L
for CP , Murata GRM31CR71C106KAC7 for CU , and Bourns RLB1314-220KL for L. In the
process of fabrication, we created a detailed map of elements which allows us to determine the
precise value of the given circuit bond. The distributions of the element values are shown in Fig. 3.
As seen from the histograms, actual mean values in the fabricated circuit are L = 22.77µH,
CJ = 1.0024µF, CU = 10.031µF, and CP = 4.1863µF which are slightly different from the
ones provided in specifications. Typical fluctuations of parameters are of the order of 1-2%. We
use these measured mean values for numerical simulations described in the Article main text.
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Figure 3 Distribution of the lumped element values in the experimental setup for (a) capacitors
CJ , (b) inductors L, (c) CU and (d) CP . Different number of bins in panels (a) and (b) is due to the
different precision of measurements in cases (a-d). Total amounts of corresponding elements in
the circuit are 225 for L, 480 for CJ , 15 for CU , and 8 for CP .
VI Mutual inductance
Some elements in the experimental setup can have extra parasitic couplings besides the couplings
introduced intentionally. This effect is especially pronounced for inductive coils, which have rela-
tively large size compared to the inter-coil distance, as can be seen from Fig. 2 of the article main
text. We estimate now the effects of such inductive coupling on the performance of the studied
setup.
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Incorporating mutual inductance between the coils (grounding elements) into the Kirchhoff’s
rule for the site (2m+ 1, 2m+ 1), which we consider as an example, we get:
(U2m+1,2m+1 + Uind)(Z
−1
L + Z
−1
U ) + (U2m+1,2m+1 − U2m+2,2m+2)Z−1P +
+ (4U2m+1,2m+1 − U2m,2m+1 − U2m+2,2m+1 − U2m+1,2m − U2m+1,2m+2)Z−1C =
= I2m+1,2m+1,
(S66)
whereUind denotes the voltage induced in the coil connecting the site (2m+1, 2m+1) to the ground
by all surrounding coils. A diagonal capacitor CP is present between the sites (2m+1, 2m+1) and
(2m + 2, 2m + 2). Taking into account the interaction of the given coil with its nearest neighbors
and also with the coils having both coordinates m, n shifted by 1 (diagonal neighbors), we can
express this induced voltage as
Uind = −ZM(I(g)2m,2m+1 + I(g)2m+2,2m+1 + I(g)2m+1,2m + I(g)2m+1,2m+2)−
− Z ′M(I(g)2m,2m + I(g)2m,2m+2 + I(g)2m+2,2m + I(g)2m+2,2m+2),
(S67)
where I(g)m,n is a current through the inductance which connects the site (m,n) to the ground, ZM
and Z ′M are the impedances corresponding to the mutual inductance between the nearest neighbors
and diagonal neighbors, respectively.
In the limit of strong interaction U  1, which is the case in the considered model, all
voltages are mostly concentrated at the diagonal sites of the circuit in the frequency range of
interest. Then, the above expression takes the form
Uind ≈ −Z ′M
(U2m+1,2m+1 − U2m+2,2m+2
ZP
+ I2m+2,2m+2
)
− Z ′MI2m,2m, (S68)
where I2m,2m and I2m+2,2m+2 denote external currents applied to the corresponding sites. Then,
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Eq.(S66) reads
U2m+1,2m+1(Z
−1
L + Z
−1
U )
(
1− Z
′
M
ZP
)
+ (U2m+1,2m+1 − U2m+2,2m+2)Z−1P =
= I2m+1,2m+1 + Z
′
M(Z
−1
L + Z
−1
U )(I2m,2m + I2m+2,2m+2).
(S69)
If only one site of the circuit is driven, which is the case in our measurements, then the second
term at the right-hand side vanishes, and we finally obtain the equation
U2m+1,2m+1(Z
−1
L + Z
−1
U )
(
1− Z
′
M
ZP
)
+ (U2m+1,2m+1 − U2m+2,2m+2)Z−1P = I2m+1,2m+1, (S70)
which has the same form as the equation describing the circuit without inductive couplings up to
renormalization of the effective model parameters caused by the extra factor (1− Z ′M/ZP ).
VII Circuit impedance and doublon spectroscopy
To demonstrate doublon states experimentally, we need a technique to distinguish doublon modes
from the rest of the modes supported by the two-dimensional sample. In this regard, it is useful to
consider the quantity 2
Sm(f) =
∑
n
|ϕmmnn |2, (S71)
where ϕmnij is the potential at site (i, j) of the circuit, when the external driving voltage at frequency
f is applied to the site (m,m). Since doublon modes are characterized by the voltage maxima at
the diagonal sites, this quantity exhibits resonant peaks at frequencies of doublon modes. If the
external voltage is applied to the site (15, 15), a single peak corresponding to the doublon edge
state is observed. On the other hand, if any other diagonal site is driven, then two peaks centered
at frequencies of bulk doublon bands emerge, Fig. 4a.
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Figure 4 (a) Numerically simulated doublon spectroscopy relying on the protocol with quantity
Sm Eq.(S71) for m = 1,14 and 15. (b) Circuit impedance spectroscopy showing the real part of
the total impedance Rm between the given site (m,m) and ground. Both panels are calculated
for the values of circuit elements taken from the exact map of the experimental setup. (c)
Equivalent scheme for the experimental setup including an external voltage source Uext with the
resistance Rs and the associated voltage drop Us. Rc denotes the real part of the total
impedance between the driven site of the circuit and the ground with the associated voltage drop
Uc. (d) Experimental results of the circuit impedance spectroscopy.
We now demonstrate that the frequency dependence of the quantity Sm is consistent with
the results of the circuit impedance spectroscopy. Indeed, one can introduce Green’s matrix of the
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circuit Gˆ 3, which is by definition related to the admittance matrix Yˆ introduced in the main text as
Gmn,m′n′ = (Y
−1)mn,m′n′ (S72)
Then, potentials at the nodes of externally driven circuit are related to the driving current Imn as
ϕmn =
∑
m′,n′
Gmn,m′n′ Im′n′ , (S73)
and therefore ϕmmnn = Gnn,mm Iext, where Iext is a value of the driving current. Hence, Eq.(S71)
takes the form
Sm = I
2
ext
∑
n
|Gnn,mm|2 . (S74)
At the same time, the characteristic impedance Rm between the given node (m,m) of the
circuit and the ground is simply given by the diagonal element of the Green’s matrix:
Rm = Re{Gmm,mm}. (S75)
As seen from Fig.4b, the characteristic impedance of the circuit Rm demonstrates very similar
structure of resonant peaks compared to the quantity Sm for various positions of the driven site
(m,m), which highlights the dominant role of diagonal entries of the Green’s matrix in our system.
The equivalent scheme of the experimental setup with an external source applied to the di-
agonal site has the form shown in Fig. 4c. It represents a series connection of the total circuit
impedance with the real part Rc and the voltage source equivalent impedance Rs = 50 Ω. In the
experiment, the voltage drop between the given site of the circuit and the ground Uc is measured
as a function of the driving frequency f . The external voltage Uext is fixed and set to the value 1V.
Then, the circuit impedance Rc can be obtained as
Rc(f) =
Uc(f)
Uext − Uc(f)Rs, (S76)
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while the external current flowing into the circuit is given by the relation Iext(f) = Uext/(Rc(f) +
Rs). All calculations in the article main text are carried on for the constant external current Iext
flowing into the system, whereas the experimental data is obtained for the fixed external voltage
Uext. To make a fair comparison of these results, we multiply the experimental values of Sm(f)
by the factor I2(f0)/I2(f) with f0 = 6 kHz defining a calibrating value of the external current.
Experimental results on doublon spectroscopy recalculated in this way are presented in Fig. 2c of
the article main text.
VIII Scattering states
Besides two bulk doublon bands and doublon edge state, there exists a vast set of the system eigen-
modes termed as scattering states. These modes shown by the shaded region in the dispersion
(Fig. 2a of the article main text) correspond to such state of two photons, when they are typically
located at distinct resonators and possess energy equal to the sum of single-photon energies. Fig-
ure 5 shows the probability distributions |βmn|2 for such states obtained by the diagonalization of
the tight-binding Hamiltonian in the absence of dissipation. Here, panels (a-d) correspond to the
eigenmodes of an ideal system without any disorder. Introducing the disorder in coupling constants
J and P with the uniform distribution within the range ±10%, we observe only slight changes in
the eigenmode intensity patterns accompanied by weak energy shifts, Fig. 5(e-h). However, when
the strength of disorder is increased further up to 30%, quite strong distortions of eigenmode pro-
files are observed and the energy shifts become comparable with the spectral distance between the
spectrally close modes, Fig.5(i-l).
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Figure 5 Scattering states of photon pair with energies (a) ε/J = 0.68, (b) ε/J = 1.35, (c)
ε/J = 2.11, and (d) ε/J = 3.80 . Color encodes the magnitude of the two-photon probability
distribution |βmn|2. Panels (a)-(d) are obtained by diagonalization of the tight binding Hamiltonian
for the model without disorder. (e-h) Scattering states corresponding to the same eigenmodes as
in the top row, but for a uniform ±10% disorder in the strength of bonds. (i-l) The same modes as
in (e-h), but for a ±30% bond disorder.
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IX Effects of disorder
To examine the impact of disorder and losses on the results of tomography procedure (Sec. II ), we
simulate in this section eigenmode tomography for the designed circuit taking into account Ohmic
losses as well as fluctuations in the values of all lumped elements L, CJ , CU , and CP . For the sake
of simplicity, we consider uniformly distributed fluctuations, and Ohmic losses are assumed to be
constant and equal to their maximal possible values within the considered spectral range according
to elements specifications.
The evolution of low-energy doublon mode, doublon edge state, and high-energy doublon
mode with the increase of disorder is shown in panels (a-c), (d-f), and (g-i) of Fig. 6, respectively.
It is seen that enhanced localization of doublon modes can be observed even at 10% disorder,
which finally results in the formation of localized states in the bulk of the circuit at 30% disorder.
At the same time, the edge state easily survives 10% disorder, since it is spectrally well-separated
from the bulk doublon bands having relatively small spatial overlap with them. However, strong
30% disorder can mix it with bulk doublon states, as seen in Fig. 6f. It should be stressed that
the considered levels of disorder in the values of circuit elements exceed those expected for the
experimental circuit and the corresponding results are calculated for the illustrative purpose only.
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Figure 6 Simulation of eigenmode tomography in circuits with various levels of disorder in
element values. (a-c) Low-energy (high-frequency) doublon mode, f = 8730 Hz. (d-f) doublon
edge state, f = 7790 Hz. (g-i): high-energy (low-frequency) doublon mode, f = 7030 Hz.
Frequencies at which the tomography is simulated correspond to the peak positions in doublon
spectroscopy simulation.
X Evaluation of topological invariant from experimental data
The definition of topological invariant for interacting many-body systems is currently an open
problem which is being actively investigated. In our specific case, however, the clue to topological
characterization is provided by the fact that the effective doublon Hamiltonian corresponds to that
of the Su-Schrieffer-Heeger model once strong interaction regime U  J is realized. In fact, this
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is the case for our experimental sample with U/J = 7.09 and P/J = −4.18.
The effective Hamiltonian for doublons written in Wannier basis takes the form (see Sec. I
for details):
Hˆ(k) =
 0 j1 + j2 e−ik
j1 + j2 e
ik 0
 , (S77)
where j1 = J2/U and j2 = j1 + P are effective tunneling amplitudes for doublons. Hence,
for the given Bloch eigenmode the ratio of two components of the doublon wave function |ψ〉 =
(ψA, ψB)
T is given by:
ψA
ψB
=
j1 + j2 e
−ik
ε(k)
. (S78)
We notice that the effective doublon Hamiltonian Eq. (S77) is represented in chiral basis and
therefore the winding number is determined by plotting its off-diagonal block q(k) = j1 + j2 e−ik
on the complex plane 4. Furthermore, according to Eq. (S78) q(k) = ε(k)ψA/ψB, where doublon
energy ε(k) is purely real. Hence, the winding number can be found by plotting the ratio ψA/ψB
for a particular Bloch eigenmode.
In an experimental situation, we measure the distribution of voltages at the diagonal of the
sample: UA(n) and UB(n). To get a result, corresponding to the given value of k, we perform a
discrete Fourier transform of those voltages extracting
UA(k) =
∑
n
UA(n)e
−ikn , (S79)
UB(k) =
∑
n
UB(n)e
−ik(n−1) (S80)
and then plotting the ratio UA(k)/UB(k) on the complex plane.
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Calculating the winding number from experimental data, we do the assumption that the pat-
tern of voltages excited in a topolectrical circuit by the source inserted in the middle of the diagonal
resembles the pattern of voltages expected for the eigenmode, which is justified in the case of dou-
blon bands well-separated from the scattering continuum.
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